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(54) SPIN-DEPENDENT SWITCHING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin-dependent switching 
element suitable for embodying a magnetic memory device having a 
high level of integration and low electric power consumption in 
combination. 

SOLUTION: This element has the constitution obtained by 
arranging a source 1 1, drain 12 and gate electrode 13 consisting of 
ferromagnetic materials to a charge island 10 having a very small 
size in such a manner that these respectively form tunnel 
junctions. A spin-dependent chemical potential shift is generated in 
the charge island 10 by a spin accumulation effect when the 
magnetization array of the gate 13 and the drain electrode 12 is 
autiparellel. The tunnel conductance between the source and the 
drain is changed dependency upon the magnetization array of the 
electrodes by the chemical potential shift. When the element is 
applied to a magnetic memory cell which uses the magnetization 
array of the electrodes as recording information, reading-out 
output may be taken larger than in the prior art using a 
ferromagnetic tunnel effect. Since the element itself has a 
switching function, the need for transistors for cell section is 

eliminated and the element is suitable for the higher level of integration of the cells. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The source electrode which consists of a ferromagnetic, and the drain electrode which consists of a 
ferromagnetic, It has the gate electrode which consists of a ferromagnetic, and the minute charge island 
arranged so that [ the tunnel junction more than a duplex ] it may be formed in inter-electrode [ said / three ]. 
When the bond resistance R of each tunnel junction sets electronic charge to e and it sets a Planck's constant to 
h, R>h / four e2 is satisfied. And it is what is constituted so that the spin relaxation time amount within said 
non-magnetic material may satisfy a ******** rather than tunnel time amount, when tunnel current is passed to 
each inter-electrode one through said conductor. When said gate and the magnetization direction of a drain 
electrode are anti-parallel and tunnel current is flowing between gate-drains Said source, the spin dependence 
switching element characterized by drain inter-electrode tunnel conductance changing depending on the 
magnetization array of said source and a drain electrode. 

[Claim 2] The source electrode which consists of a ferromagnetic, and the drain electrode which consists of a 
ferromagnetic, It has the gate electrode which consists of a ferromagnetic, and the minute charge island 
arranged so that [ the tunnel junction more than a duplex ] it may be formed in inter-electrode [ said / three ]. 
When the bond resistance R of each tunnel junction sets electronic charge to e and it sets a Planck's constant to 
h, R>h / four e2 is satisfied. And it is what is constituted so that the spin relaxation time amount within said 
non-magnetic material may satisfy a ******** rather than tunnel time amount, when tunnel current is passed to 
each inter-electrode one through said conductor. Said gate, the cage in which tunnel current is flowing to the 
drain electrode, said source, The spin dependence switching element characterized by said source and drain 
inter-electrode tunnel conductance changing depending on the magnetization array of said gate and a drain 
electrode when the magnetization array of a drain electrode is parallel. 

[Claim 3] The spin dependence switching element characterized by reading change of said source and drain 
inter-electrode tunnel conductance in claim 1 and the spin dependence switching element of two publications as 
current change at the time of giving fixed bias voltage to the source and drain inter-electrode. 
[Claim 4] The spin dependence switching element characterized by reading change of said source and drain 
inter-electrode tunnel conductance in claim 1 and the spin dependence switching element of two publications as 
electrical-potential-difference change at the time of giving a fixed current to the source and drain inter- 
electrode. 

[Claim 5] The spin dependence switching element characterized by having the 2nd gate electrode which carried 
out capacity coupling to said charge island in claims 1, 2, and 3 and the spin dependence switching element of 
four publications. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a spin dependence switching element with the function in 

which the electric resistance changes with foreign voltage. 

[0002] 

[Description of the Prior Art] A single electronic transistor (below Single Electron Transistor; SET, brief 
sketch) transposes the conduction channel of the field-effect transistor (below Field Effect Transistor; FET, 
brief sketch) widely used as a current Si integration component to the charge island which consists of a very 
small conductive particle, and has the structure which established the tunnel obstruction between the source 
electrode and the drain electrode. If the volume of a charge island is made small to a nano field and electrostatic 
capacity is made small to 10-18F, change of the electrification energy of the charge island when moving one 
electron to a charge island will be set to several 1 OmV from a source electrode. Therefore, it becomes possible 
for it to become impossible to tunnel an electron from a source electrode to a charge island (the coulomb 
BUROKKEDO effectiveness), and to control conduction between source-drains also by the room temperature 
with the potential of a gate electrode, moreover, the base by which the electrification energy of a charge island 
was accumulated in the charge island — it can be made to accumulate, since it becomes a discrete value 
according to a charge number, counting the electron of every a piece one by one on a charge island namely, 
SET — electronic base — a discrete change of the electrification energy by the Coulomb repulsion between the 
electrons by the charge and change of an electron number is used positively, and, as for conventional FET, the 
principles of operation differ greatly. Since SET can operate by the electron some, it has an advantage — 
fluctuation of a transport electron number is suppressed according to ease [ detailed-izing of a component 
dimension ], and the coulomb BUROKKEDO effectiveness ~ and it sharp reduction of power consumption is 
not only possible, but is considered to be a candidate with the strong integration component of a nano field. 
[0003] Some memory devices using the idea of the above SET are devised. (For example, refer to Single 
Charge Tunneling, Editedby H.Gilbert and M.H.Deveret, Plenum Press, New York, and 1992) It is made to 
correspond to recording information "1" and "0" in the single electronic memory cell which is the structure 
[ extreme reasonable ], respectively whether the electron of a piece is stored in the charge island. In order to 
obtain bistability nature required for memory actuation, the structure of connecting two or more charge islands 
to a serial is common, a drain electrode is made into fixed potential, and recording information is judged with 
the potential by making a source electrode into a record node. The writing of recording information is 
performed by impressing an electrical potential difference to a source electrode. The thing which makes SET 
turn on and off by whether the charge island of SET is made to carry out the electrostatic coupling of another 
charge island as a record node, and the other charge is accumulated in it on the charge island of the record node. 
(For example, IEEE Trans. Electron Devices, 43, 1213 (1996) reference) Si nano crystal is used for the stray 
capacity layer of a flash memory, and that to which the conduction property of the conduction channel of FET is 
changed with the amount of charges accumulated into nano crystal is also devised again. (For example, 
Proceedingsof 1 998 International Symposium onFormation, Physics, and Device Application of Quantum Dot 
Structure, Sapporo, Japan, 1 998 reference) 

When considering a memory device, many methods of making the existence of a charge correspond to 
recording information conventionally have been taken. However, the relative magnetization array of two or 
more ferromagnetics is made to correspond to recording information, and the method of realizing solid-state 
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MAG memory is studied recently. (For example, refer to J. Appl. Phys. 813758(1997).) The magnetic memory 
using a ferromagnetic has a big advantage, such as excelling in nonvolatile being a thing, that a lead-light cycle 
is semipermanent, and radiation resistance. 

[0004] Research has started with the theoretical side and the experimental aspect in recent years about the 
ferromagnetism SET which an electrode and a charge island become from a ferromagnetic. (For example, 
J.Phys.Soc.Jpn, 66, 1261 (1997) reference) When applying ferromagnetism SET to a memory cell, the relative 
magnetization array of the source, a drain electrode, and a charge island is made to correspond to recording 
information. A current field performs informational writing and the so-called ferromagnetic tunnel effect (the 
following TMR effectiveness and brief sketch) from which the tunnel resistance between source-drains changes 
depending on a magnetization array is used for read-out. The memory cell using ferromagnetism SET has an 
advantage, like the effect of an impurity and interface state density is small compared with the ** semi- 
conductor SET strong against fluctuation of the are recording charge number of charge Shimauchi by ** 
leakage current etc. who can make a switching function give a component with ** gate voltage. However, the 
value of the TMR effectiveness in the actual condition is about 10 - 20%, and has the fault that the read-out 
output difference over storage information is small, compared with the memory cell using the charge storage to 
a charge island. Although enhancing of the TMR effectiveness by existence of the high order tunnel effect in a 
coulomb BUROKKEDO field and enhancing in a coulomb BUROKKEDO field boundary are pointed out 
theoretically in recent years, the magnitude of enhancing is at most about several 10%, and does not serve as a 
solution in essence, although the approach using an ingredient with whenever [ spin polarization / / near the 
Fermi surface /, such as Mn system compound and an oxide, / near 100% ] is also devised in order to depend for 
the TMR effectiveness on the polarizability of a ferromagnetic, production of an ingredient with a low Curie 
temperature of an ingredient and processing are difficult — etc. — it has the fault. 

[0005] Although it is requested that the dimension of a charge island should be set to several nm or less, and 
that electrostatic capacity should be made into less than [ 10-18F ] in order to realize ferromagnetism SET of 
room temperature actuation furthermore, it is dramatically difficult to obtain the nano particle which is 
generally this dimension and shows ferromagnetism at a room temperature. 

[0006] In order to solve this point, it is useful to use the spin cumulative effect to which research is done in 
recent years. (For example, Phys. Rev. B Phys. Rev. 59, 93 (1999), and B59, 6017 (1999) reference) A spin 
cumulative effect The charge island-drain inter-electrode tunnel conductance Gl and G2 between source 
electrode-charge islands Sufficiently smaller than the quantum conductance GQ expressed with GQ-l=h / four 
e2, when spin relaxation time amount tausf in charge Shimauchi is longer enough than tunnel time amount taut 
of each junction, it is generated. When the charge island which fulfills such conditions is inserted into the tunnel 
junction which has unsymmetrical conductance to spin and exists, the electron which carried out spin 
polarization is accumulated in a charge island in un-balancing. Therefore, the science potential of a charge 
island shifts depending on spin, and carries out spin polarization of the charge island in un-balancing. 
Consequently, even if a charge island is non-magnetic material, it is expected that the TMR effectiveness 
appears. That is, if the charge island which fulfills the conditions of a spin cumulative effect appearance is used, 
electrostatic capacity can be decreased smaller and SET actuation at a room temperature can be realized easily. 
However, the TMR effectiveness in this case decreases to one half compared with the case where a 
ferromagnetic charge island is used. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, it is expected that it becomes possible to 
realize the high density and the non- volatile MAG memory of a low power which have the property which was 
excellent in applying ferromagnetism SET to a memory cell compared with the conventional technique. 
However, information read-out using the present TMR effectiveness has the fault that the read-out output 
difference over storage information is small. 

[0008] This invention is made in order to cope with such a technical problem, and it aims at offering the spin 
dependence switching element suitable for high density and the non-volatile MAG memory cell of a low power. 

[0009] 

[Means for Solving the Problem] This invention is concerned with a high degree of integration and the spin 
dependence switching element suitable for non- volatile MAG memory application of a low power as mentioned 
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above. A spin cumulative effect is explained in the first place briefly first. The mimetic diagram and equal 
circuit of ferromagnetism SET are shown in drawing 1 (a) and (b). A charge island consists of non-magnetic 
material here. Moreover, capacity coupling of the gate electrode is carried out to the charge island, and tunnel 
current does not flow between gate electrode-charge islands. Hereafter, a charge island-drain inter-electrode 
tunnel junction is written as junction 1 and junction 2 between source electrode-charge islands, and a suffix is 
attached and distinguished to a variable, respectively. The case where spin relaxation time amount tausf in 
charge Shimauchi is longer enough than tunnel time amount taut of each junction is considered now sufficiently 
smaller than the quantum conductance GQ as which the tunnel conductance Gl and G2 of each junction is 
expressed in GQ-l=h / four e2. The magnetization directions of a source electrode and a drain electrode are 
anti -parallel, and suppose that each spin dependence tunnel conductance G1**,G1**, G2**, and G2** satisfy 
the following conditions. 
[0010] 

G1**/G1**!=G2**/G2** (1) 

At this time, as shown in drawing 2 , chemical potential shift deltamu which was dependent on charge 
Shimanaka in the spin direction arises. This is the so-called spin cumulative effect. The spin dependence tunnel 
current which flows each junction is written to be II **, II **, 12**, and 12**, and a degree type defines the spin 
current Is. 
[0011] 

Is=2(Il**-I2**) =2 (Il**-I2**) (2) 

The magnitude of chemical potential shift deltamu is proportional to the spin current Is, and is applied as 
follows. 

[0012] deltamu=Is/e-tausfdelta (3) 

tausf is charge Shimanaka f s spin relaxation time amount, and delta is energy spacing of the discrete level near 
the Fermi surface of a charge island here. 

[0013] In this invention, as shown in drawing 3 , it has the configuration which has arranged three 
ferromagnetic electrodes so that a tunnel junction may be formed, respectively to a charge island, although this 
configuration is similar to the so-called RSET (for example, IEEE Trans. Magn. 23, 1 142 (1987) reference), an 
electrode consists of a ferromagnetic — it is alike especially and those functions differ greatly. 
[0014] When it supposes now that magnetization of a gate electrode and a drain electrode is anti -parallel in the 
structure shown in drawing 3 and constant current is passed to gate-drain inter-electrode, chemical potential 
shift deltamu expressed with (3) types to charge Shimanaka as mentioned above arises, and the spin component 
of a drain electrode and this direction has lower chemical potential. Now, in this condition, low bias voltage is 
applied to source-drain inter-electrode, and the current response in this case is considered. When the spin 
cumulative effect has arisen on the charge island in the configuration shown in drawing 3 , from a source 
electrode, change of the energy at the time of making one electron tunnel differs to a charge island by whether 
magnetization of a source electrode and a drain electrode is parallel, or they are anti-parallel, and is applied to it 
as follows. 

EP(n) =E (n) +deltamu/2 (anti-parallel condition) (4) 
EAP(n) =E(n)-deltamu/2 (parallel condition) (5) 

E (n) is the energy at the time of making one electron tunnel from a required source electrode to a charge island 
here, when the spin cumulative effect has not arisen. 

[0015] When temporarily ideal, it assumes [***♦**] that it is an absolute zero-point and whenever [ spin 
polarization / of the conduction electron of a source electrode ] is 100%. In this case, the switching 
characteristic of the component to the electrical potential difference V between source-drains and gate voltage 
Vg can be written like drawing 4 . Drawing 4 (a) is a switching characteristic when the spin cumulative effect 
has not arisen on a charge island. The continuous line of drawing shows the border area of switching, when V 
and Vg are lower than this, tunnel current will not flow according to the coulomb BUROKKEDO effectiveness, 
but a component will be in an OFF state. When the spin cumulative effect has not arisen, change of the 
switching characteristic corresponding to the magnetization array of the source and a drain electrode is not 
produced. On the other hand, drawing 4 (b) is the case where the spin cumulative effect has arisen on the charge 
island. When the dotted line in drawing has the parallel magnetization array of the source and a drain electrode, 
a broken line is the boundary of switching in the case of being anti-parallel. As shown in (4) and (5) types, in 
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V= 0, the shift of deltamu has arisen among both. The shift of a switching boundary has arisen by the difference 
in the magnetization array of the source and a drain electrode so that more clearly than drawing. That is, in the 
spin dependence switching element of this invention, it becomes possible by choosing the suitable operating 
point about the electrical potential difference V between source-drains, and gate voltage Vg ON of a 
component, and to make it correspond off and to detect about the difference in the magnetization array of the 
source and a drain electrode. By following, for example, making the relative magnetization direction over the 
drain electrode of a source electrode correspond to storage information, a component ON and is off and storage 
information "1" and ,! 0 M can be distinguished. 
[0016] • 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about actuation of the spin 
dependence switching element of this invention. 

[0017] Drawing 5 shows typically change of source-drain inter-electrode tunnel current I to the charge Qex 
accumulated in the charge island. The charge Qex of a charge island can be controlled by gate voltage Vg. The 
curve in drawing supports different source-drain inter-electrode bias voltage V, respectively. Here, the case 
where it was an absolute zero-point ideally, and whenever [ spin polarization / of the conduction electron of a 
source electrode ] was 100% was shown. Effectiveness when whenever [ effectiveness / of temperature / and 
spin polarization ] is limited can be estimated more easily than this Fig. Drawing 5 (a) is an I-Qex curve when 
the spin cumulative effect has not arisen on a charge island. For bias voltage V, tunnel current is Qex when low 
enough. It flows only in =(2n+l) e / 2 (n is an integer) near. Drawing 5 (b) is the case where the spin cumulative 
effect has arisen on the charge island. In this case, difference deltamu of chemical potential arises to each spin 
component, and a difference arises in energy E (n) required for making the electron of a piece tunnel, as shown 
in (above-mentioned 4) and above-mentioned (5) types. This is effectually [ as the values of Qex differing to 
each spin component ] equivalent. The dotted line and the broken line showed the I-Qex curve in case the 
magnetization arrays of the source and a drain electrode are parallel and anti-parallel to drawing 5 (b), 
respectively. That is, as shown all over drawing, when bias voltage V and gate voltage VgON are given, if the 
magnetization array is parallel, a current value IP will be acquired, and if it is anti-parallel, a current value will 
serve as IAP. It is IAP-0 so that clearly from drawing, and switching depending on the magnetization array of 
the source and a drain electrode can be realized. 

[001 8] Drawing 5 (c) shows the actuation at the time of passing constant current 10 between source-drains. 
When gate voltage VgON is given, if the magnetization array is parallel, VP will be obtained, and if the 
electrical potential differences between source-drains are anti-parallel, they will serve as VAP. Therefore, it 
becomes possible by distinguishing the electrical potential difference between source-drains quantitatively in 
this case to distinguish the magnetization array of the source and a drain electrode. 
[0019] Cel selection is needed in applying the spin dependence switching element of this invention to a 
magnetic memory cell. In this case, what is necessary is only for the eel chosen as shown in drawin g 5 (b) and 
(c) to give VgON, and just to give gate voltage VgOFF to which tunnel current does not flow to a non-choosing 
eel irrespective of a magnetization array. Furthermore, where VgON is given to all eels, only a selection eel 
may give bias voltage V. Moreover, Qex is controllable also by the 2nd gate electrode which carried out 
capacity coupling to the charge island. Therefore, the potential of the 2nd gate electrode can also perform eel 
selection. In this case, the 2nd gate electrode does not need to be a ferromagnetic. 
[0020] In order to realize room temperature actuation of the spin dependence switching element of this 
invention, the electrostatic capacity of a charge island needs to be less than [ 1x10-1 8F ] in general. In order to 
realize the value of this electrostatic capacity, it is necessary to set that dimension to several nm or less. It is 
difficult to produce the charge island of such a detailed dimension with direct current ultra-fine processing 
technology, and the NANOKU granular membrane by which self-formation was carried out at the time of 
membrane formation is the optimal. In what used the granular growth in the metal to a what [ was produced 
with the simultaneous vapor growth of an insulator, and a metal and a semi-conductor ], and insulator substrate 
top, and the initial growth process of a semi-conductor as a nano granular membrane, for example, the thing 
using an amorphous crystallization process, and a mixed-crystal mold compound semiconductor growth 
process, that to which self-organizing of the constituent concentration was controlled and carried out can be 
used. In addition, although the amount of [ which makes a switching function discover ] charge pars insularis 
needs to consider as the dimension of several nm as mentioned above in the spin dependence switching element 
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of this invention, the dimension of the source, a drain, and the gate polar zone is good also in the magnitude of 
extent which can respond with current ultra-fine processing technology. Therefore, even when it applies to a 
memory cell, it is possible to use a well-known technique for the method of writing in recording information 
and the construction of wiring conventionally. 

(Example 1) Drawing 6 is the mimetic diagram showing the first operation gestalt of this invention. Hereafter, 
the method of producing this junction is described. The pattern which specifies the charge island 20 is first 
formed on the SOI substrate 14 using a positive resist and electron beam lithography. Next, by reactant 
chemical etching, Si layers other than a resist pattern are etched until it reaches SiO two-layer. After resist 
clearance, if temperature up is performed in an oxygen ambient atmosphere, oxidation will advance from the 
perimeter of Si of the rectangular parallelepiped specified as a charge island 20, and Si02 film will grow so that 
Si particle of an ellipsoid may be surrounded, as eventually shown in drawing 6 . Si02 film 22 plays a role of a 
tunnel obstruction. The magnitude of the Si particle 21 obtained by this example was about 80nm. The NiFe 
alloy was used for the gate electrode in order to coercive force distinguish between a source electrode and a 
drain electrode using Co. The pattern of a graphic display was produced with the combination of electron beam 
lithography and the lift-off method. 

[0021] The bias voltage dependency of the current between source-drains in the component of this example is 
shown in drawing 7 . Measurement temperature is 120mK(s). The I-V property at the time of removing a field 
among drawing, after the curve of (a) impressed the field of IkOe downward [ space ], and the curve of (b) are 
an I-V property at the time of impressing the field of 100Oe(s) to space facing up, and removing a field after 
that, after impressing the field of IkOe downward [ space ]. In the condition of (b), it checked that there was 
magnetization of the source and a drain electrode downward [ space ], and space facing up had magnetization of 
a gate electrode on the other hand with the spin polarization scanning electron microscope. Although (a) and (b) 
have produced the coulomb gap in the low bias side, the current has started by the bias side with the lower 
direction in (b). By (b), since magnetization arrangement of the gate and a drain electrode is anti-parallel, this 
difference shows that the chemical potential shift arose in charge Shimanaka according to the spin cumulative 
effect. 

(Example 2) Drawing 8 is the mimetic diagram showing the 2nd operation gestalt of this invention. In this 
example, the pattern of Co film of the configuration where the source-drain electrode was connected first is 
formed on the thermal oxidation Si substrate 15. Next, a negative-mold electron beam resist is applied and an 
electron ray is irradiated with the lower light exposure into a part to form a gap 21 in. Thereby in a resist, a V 
character rabbit ear arises. Leaving a resist here, Ar milling is performed until the head of a hollow reaches 
Si02 film. Detection of a milling terminal point was performed using secondary ion mass spectrometry. It is 
possible to form the gap of a processing dimension [ by this ] smaller than the resolution of the usual electron 
beam lithography. The minimum width of face of the gap obtained by cross-section TEM observation was about 
5nm. Next, Si particle covered with Si02 with a mean particle diameter of 1 5nm is distributed in an organic 
solvent, and the spin coat of this colloidal solution is carried out. Thereby, the structure in which Si particle 
remained can be formed in the gap between source-drains like a graphic display. 

[0022] After desorbing a solvent by after [ a spin coat ] temperature-up processing, Si02 film 22 is formed. 
Then, a gate electrode is formed by electron beam lithography and the lift-off method. The NiFe alloy was used 
for the gate electrode like the example 1 . 

[0023] When the same experiment as an example 1 was conducted about the component produced by this 
example, the shift of the coulomb gap for which 40K depended on the magnetization array was observed. 
(Example 3) Drawing 8 is the mimetic diagram showing the 3rd operation gestalt of this invention. In this 
example, the amorphous silicon of 2nm of thickness is deposited with a CVD method on the thermal oxidation 
Si substrate 1 5 on the whole surface. Next, if this substrate is heat-treated in a vacuum, an amorphous silicon 
will form semi-sphere-like crystal grain. Then, the PASSHI bait of Si02 is carried out to the front face. 
Thereby, Si particle produced the nano granular membrane distributed two-dimensional on Si02 film like a 
graphic display. The magnitude of Si particle obtained by cross-section TEM observation was 3nm of ♦***. 
[0024] Next, it is processed to the nano granular membrane formed all over the substrate top. By the positive 
resist and electron beam lithography, a pattern is first formed for the rectangle which specifies a charge island. 
The pattern in this example is the square of 80nm angle, and about 250 Si particles are contained in it. It etches 
after pattern formation until it amounts to Si02 of a substrate, and Co film is formed, leaving the resist after 
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etching further. The pattern of the gate electrode 1 3 completes the resist after membrane formation by 
exfoliating. The pattern was formed in the gate electrode by electron beam lithography and the lift-off method 
using the NiFe alloy like the example 1 . When the experiment same about this component as an example 1 was 
conducted, the shift of a coulomb gap which was dependent on the magnetization array also at the room 
temperature was observed. 
[0025] 

[Effect of the Invention] As explained in full detail above, by the spin dependence switching element of this 
invention, the switching function reflecting the magnetization array of a gate electrode and a drain electrode can 
be obtained at a room temperature. Therefore, when the component of this invention is applied to a magnetic 
memory cell, compared with the eel case using the ferromagnetic tunnel effect, the read-out output difference 
over recording information can be acquired greatly, and actuation stable as a memory cell is attained. 
Furthermore, since it has the switching function for the component itself, the semi-conductor transistor for eel 
selection becomes unnecessary, and much more high integration can be expected. 



[Translation done.] 
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